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Abstract 
Motivated by the rapid growth of wireless applications with multiple antenna terminals, multiple input multiple output (MIMO) 
relaying has gained much attention now a days due to its improved data rate, coverage extension and improved signal to noise 
ratio (SNR). In this paper, a transmit beamforming design for MIMO decode-and-forward (DF), MIMO amplify-and-forward 
(AF) and MIMO compress-and-forward (CF) half-duplex two-hop relay channels with a direct source–destination link is 
considered. Network model consist of source, relay and destination. Design includes four different cases in terms of the number 
of antennas deployed at source, relay and destination node which contains 2:2:1 scenario,  scenario,  scenario 
and  scenario. Here, beamforming design is based on exact capacity formulation and low-complexity explicit 
expressions are used. Effect of parameter such as number of antennas on the performance of MIMO relay channels is also 
investigated. Optimal beamforming design for MIMO AF relaying scheme achieves high performance gain and higher 
information rates than MIMO DF and MIMO CF relaying scheme. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
In wireless cellular networks, there is an increasing demand for high data rate starting from first generation of 
wireless communication networks [1]. This problem can be solved by increasing the base stations, which results in 
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high deployment costs. For future systems to extend network coverage, fundamental enhancements are essential. In 
order to meet the demand for high data rate and extended coverage, cooperative communication can be used which 
deploys Multi-hop wireless networking. In general, relay transmission schemes can be classified into decode-and-
forward (DF), amplify-and-forward (AF) and compress-and-forward (CF) systems. DF decode the signal received 
through first hop and retransmit it into the destination after appropriate encoding. For decoding complex relays are 
used. DF scheme can effectively avoid error propagation through relay. It can achieve better performance than AF 
relay schemes under different channel conditions. In an AF relaying scheme [2], the relays simply scales a received 
signal which is noisy and forwards it to the destination node, while the relays in a CF relaying scheme compress the 
received signal and only forward it to the destination node. Because of simplicity, AF relaying scheme is widely 
used. 
A large family of multiple input multiple output (MIMO) techniques has been developed for both IEEE 
802.16e/m and 3GPP LTE/LTE-Advanced [3]. MIMO relaying is a viable option for next-generation wireless data 
services such as Long-Term Evolution-Advanced (LTE-Advanced) [4] and  802.16m. MIMO AF, DF and 
CF relay beamforming is considered in this paper. Most of the works on MIMO relay beamforming is based on the 
assumption that no direct link exists between source and destination. Example of such beamforming techniques are 
distributed beamforming, relay beamforming etc. There also exist several works with the consideration of source-
destination direct link in MIMO relay beamforming. These include optimal beamforming to maximize the cut bound 
on system capacity which uses epigraph and dual method [5], balanced linear precoding (BLP) algorithm where 
source, relay and destination equipped with multiple antennas [6] and partial information relaying strategy that 
adaptively controls the number of streams to be forwarded to the destination [7]. Most of these work with MIMO DF 
relay channels relies on complex solutions, often involving iterative algorithms, to calculate optimal solutions. These 
solutions offer very limited insight to the understanding the effects of beamforming vectors. So explicit expressions 
are used for optimal beamforming design [8]. In this paper, a transmit beamforming design for MIMO DF, AF and 
CF half-duplex two-hop relay channels with a direct source–destination link is proposed for four scenarios based on 
number of antennas used at source, relay and destination. Four scenarios includes 2:2:1, ,  and 
 where ,  denotes number of antennas at source, relay and destination node respectively. 
Simulation is done using MATLAB which is an ideal tool for simulating digital communication system. 
The rest of the paper is organized as follows. In section 2, the system model is introduced. Section 3 deals with 
optimal solution discussion. In section 4, the optimal beamforming design for different scenarios is discussed and 
simulation results is provided in section 5. In section 6, the paper ends with some concluding remarks.  
2. System Model 
Network model consists of a source S, a relay R and a destination D where all the nodes are equipped with 
multiple antennas as in Fig. 1(a). The direct link between S and D is considered in the system and half duplex mode 
is assumed so that R transmit and receive signals at different time. Therefore, information transmission from S to D 
occurs in two phases, i.e., a source phase and a relay phase, as shown in Fig. 1(b). In phase 1, S transmits its 
information to both R and D, while in phase 2, R decodes the received information in the case of DF MIMO relay 
channel and then forwards the decoded information to D. At D, the received signals in aforementioned two phases 
are combined and decoded to obtain the desired information. In the case of MIMO AF relay channel R amplifies the  
 
      
Fig. 1. (a) System model of MIMO relaying where all the nodes equipped with multiple antennas; (b) Phases of relay transmission. 
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received information and then forwarded to destination whereas in the case of MIMO CF relay channel R 
compresses the received information and forwards to destination.      
In the phase 1, the information symbol  is first multiplied with a beamforming vector  before being 
transmitted from the  transmit antennas of source S [8]. Received SNR at D during phase 1 is given by 
                                                                                                                                                       (1) 
where denotes the channel gain vector from S to D. Applying singular value decomposition (SVD) 
 (2) 
where  denotes the channel gain matrix from source S to relay R. Effective received SNR at R is 
                               
In phase 2, R forwards its processed symbol to D using beamforming transmission over its antennas. 
Received SNR at D in phase 2 is given by 
                                                                                                                                                       (4) 
where denotes the channel gain vector from R to D .Total achievable information rate at D from S over the 
MIMO relay channel can be given by             
                                                                                                (5) 
3. Optimal Solution Discussion 
Here, solve the optimal beamforming design problem for different cases. The beamforming vectors are 
optimized both at S and R to maximize the achievable rate for MIMO relay channels. Optimization problem is given 
by 
                    
                         s.t.  
                                                                                                                                          (6) 
where the optimal beamforming vector for the transmission from R to D in the relay phase is given by 
                                                                                                                                                                   (7) 
then obtain the maximum of  as 
                        =                                                                                                                                     (8) 
Then the optimization problem can be transformed into 
                        
                         s.t.                                                                                                                                        (9) 
Such a max-min problem is in general difficult to solve by using conventional methods [8]. Properties of optimal 
solution is used to get better insights into the beamforming design for MIMO relay channels. Since the matrix V in 
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(2) is a unitary matrix of full rank, for an arbitrary beamforming vector with  , there exists a unique 
complex vector  satisfying 
                                                                                                                                                                     (10) 
By substituting this into (1) and (3)  and  becomes 
                                                                                                                                    (11) 
and 
                                                                                                                                       (12) 
Define  and .Then, the optimization problem is simplified into 
                       
                            s.t.                                                                                                                                (13) 
Thus transformed optimization problem from (6) to (13). This max-min problem is difficult to solve. Here, take 
the mapping relation from  to  and use some key features of optimal solution of optimization. Thus, arrive at 
an efficient algorithm to calculate the optimal beamforming vector.  
 
Fig. 2. Illustration of the mapping from  to . 
Fig. 2 illustrate the mapping relationship, where X axis denotes and Y axis denotes . Point E is 
the peak point, at which acquires its maximum value over all  and point T is the rightmost point of 
the curve, at which achieved its maximum value . From figure,  
                                                                                                                                                                  (14) 
                                                                                                                                            (15) 
From the Fig. 2,  is the maximum value of and  is the minimum value of  whereas is the 
minimum value of  and  is the maximum value of . 
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4. Optimal Beamforming Design 
Here, solves the optimal beamforming design problem in different cases based on number of antennas deployed at 
source, relay and destination. It includes 2:2:1 scenario,  scenario,  scenario and  scenario. 
4.1. Optimal Beamforming Design for 2:2:1 Scenario 
The optimal beamforming ( ) satisfies following system of equation 
                                                                                                                                                               (16) 
 where                                
4.2. Optimal Beamforming Design for :1:1 Scenario 
Optimal beamforming vector is given by 
                                                                                                                                                      (17) 
   where  
Here,  and  are optimal solutions [8]. 
4.3. Optimal Beamforming Design for MIMO relaying protocols 
Based on the equations given above optimal beamforming design for different scenarios can be obtained. For the 
scenario where two antennas are deployed at both the source and the relay nodes and single antenna is deployed at 
the destination node, i.e., 2:2:1 scenario explicit expression are used for optimal solution. For the scenario where 
>1, antennas are deployed at the source and only one antenna is used at the relay and the destination nodes, 
i.e.,  scenario, a non-iterative numerical method is used to calculate the optimal solution as in [8]. Here, also 
considered the beamforming design problem for all the nodes equipped with multiple antennas as in Fig.1 (a). 
Extensive simulation results show that the optimal beamforming design can be achieved for MIMO DF, MIMO AF 
and MIMO CF relay channel with low complexity.  
5. Simulation Results 
In this section, we present the effectiveness of our proposed optimal beamforming design for MIMO AF, MIMO 
DF and MIMO CF relay channels through some examples. 
             Table 1. System parameters. 
Parameters Specification 
Number of  samples 10e3 
Transmitted power at source and relay 1 
SNR vector -10 to 20 dB 
No. of antennas 2,4,1 
Combining technique MRC 
Relaying scheme AF, DF and CF 
801 Sumayya Ali and K.M. Smitha  /  Procedia Technology  24 ( 2016 )  796 – 803 
 Fig. 3 gives the achievable information rate v.s. SNR graph for 2:2:1 scenario over AF, DF and CF relaying 
scheme deploying MIMO technique. In this case two antennas are deployed at both source and relay and one 
antenna at destination. It is noticeable that achievable rate for AF relaying scheme is higher than DF and CF relaying 
scheme as shown in Fig. 3. Even though the deployment of AF increases the achievable information rate compared 
to DF and CF, it amplifies the noise in the channel. So BER is higher for AF. But this has an advantage over security 
concerns. Eavesdropper will be confused in the intruder assisted relay channel when AF is used. AF is widely used 
due to its simplicity. 
Figs. 4(a), 4(b) shows the achievable information rate v.s. SNR graph for the second case i.e.,  where 
number of antennas at source is varied according to which arrive at the conclusion that almost the same results are 
obtained in this case also as that of case 1. In the simulation, when the number of antennas at source is varied from 2 
to 4 the achievable transmission rate is improved from 5 bit/s to 5.5 bit/s. There is a 0.5 bit/s increase in the 
achievable rate in the case of AF.  
Figs. 5(a), 5(b), 5(c) plot the achievable information rates of optimal beamforming scheme for  
scenarios, where in the simulations of Fig. 5(a) =2 and =4, in Fig. 5(b) =4 and =2 and in Fig. 5(c) 
= =4. The simulated results show that AF achieves better transmission rate and also that the achievable 
transmission rate improves with increase in number of antennas. When number of antennas at relay in Fig. 5(b) is 
changed from 2 to 4, there is 1.1 bit/s increase in the achievable information rate for all relaying schemes used in the 
design as shown in Fig. 5(c). In the case of 2:2:1 scenario and 2:4:1 scenario, the same result can be seen. In this 
case, achievable information rate improved by more than 1.2 bit/s when all relaying schemes are considered. Thus, 
arrive at an observation that as the number of antennas at relay increases, achievable information rate also improves. 
 
Fig. 3. Simulated Achievable transmission rate v.s. SNR graph for 2:2:1 scenario. 
 
 
Fig. 4. (a) Simulated Achievable transmission rate v.s. SNR graph for 2:1:1 scenario; (b) Simulated Achievable transmission rate v.s. SNR 
graph for 4:1:1 scenario. 
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From the simulation results, it is also noticeable that third case i.e.,  scenario has higher achievable 
information rate than second case i.e.,  scenario. As the number of antennas is increased, achievable 
transmission rate is improved for MIMO AF, MIMO DF and MIMO CF relaying schemes.  
Consider the case where all the three nodes equipped with multiple antennas. In the three previous cases, 
discussed the case where only source and relay node equipped with multiple antenna and single antenna is deployed 
at destination. Figs. 6(a), 6(b) plot the achievable information rates of optimal beamforming scheme for  
scenarios, where in the simulations of Fig. 6(a) =2 and in Fig. 6(b) =4. Here also, obtained the similar results 
as that of other scenarios. Performance improves as the number of antenna increases and AF relaying scheme 
outperforms DF and CF relaying schemes. In this case, number of antennas at source, relay and destination is varied. 
 
Fig. 5. (a) Simulated Achievable transmission rate v.s. SNR graph for 2:4:1 scenario; (b) Simulated Achievable transmission rate v.s. SNR 
graph for 4:2:1 scenario; (c) Simulated Achievable transmission rate v.s. SNR graph for 4:4:1 scenario. 
 
Fig. 6. (a) Simulated Achievable transmission rate v.s. SNR graph for 4:4:2 scenario; (b) Simulated Achievable transmission rate v.s. SNR 
graph for 4:4:4 scenario. 
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Fig. 7. Achievable information rate v.s. the number of antennas N. 
Achievable information rate improves with increase in number of antennas at nodes. Consider the case of 4:4:2 
and 4:4:4 scenario, there is an increase of 1 bit/s in achievable information rate for both DF and CF and for AF, 
there is an increase in achievable information rate in small amount. When all the four cases are considered, 
 scenario is found to achieve higher information rate i.e., when all the three nodes such as source, relay 
and destination are equipped with multiple antennas. 
In Fig. 7, we illustrate the achievable information rates of optimal beamforming scheme versus number of 
antennas for MIMO AF, MIMO DF and MIMO CF relaying schemes. The simulation results demonstrated the 
performance comparison between achievable information rate and number of antennas for different relaying 
schemes. From the graph, it is noticeable that achievable information rate for MIMO AF is higher than MIMO DF 
and MIMO CF relaying schemes. AF relaying scheme is widely used because of its simplicity when compared to 
other relaying schemes. 
6. Conclusion 
      In this work, we considered a transmit beamforming design for MIMO AF, MIMO DF and MIMO CF relay 
channels. Here, solves the optimal beamforming design problem in different cases. These cases in terms of the 
number of antennas deployed at source and relay nodes includes 2:2:1 scenario,  scenario and  
scenario. Optimal beamforming design to the scenario where all the three nodes are equipped with multiple antennas 
i.e.,  is also considered. Optimal beamforming design achieves high performance gain, higher information 
rates with low complexity. From the simulations, it is noticeable that achievable rate for AF relaying scheme is 
higher than DF and CF relaying scheme. It is also noticeable that as the number of antennas at source, relay and 
destination is increased, achievable transmission rate is improved for MIMO AF, DF and CF relaying schemes. 
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